We investigate the pure penguin decays B → πφ in the Standard Model(SM) and in the Constrained Minimal Supersymmetric Stand Model (MSSM) using the QCD factorization appoach and consider the Sudakov effects in the twist-3 contribution. We find Br(B − → π − φ) = (1.68 − 5.70) × 10 −9 in SM and Br(B − → π − φ) can be as large as (0.87 − 1.9) × 10 −6 in Constrained MSSM with large tan β which is two orders of magnitude larger than that in SM.
Introduction
One of charmless two-body nonleptonic decays of B mesons, the process B → φπ, is interesting because it is a pure penguin process and, in particular, there are no annihilation diagram contributions the importance of which is still in dispute [1, 2] . It is sensitive to new physics due to all contributions arising from the penguin diagrams. The calculation of the hadronic matrix element relevant to the process is relatively relilable because of no contributions coming from diagrams of annihilation topology. Therefore, we shall investigate the process in both SM and MSSM.
The study of exclusive processes with large momentum transfer in the perturvative QCD (PQCD) has been extensively carried out and it is shown that the application of PQCD to them is successful [3] . The key point to apply PQCD is to prove that the factorization, the seperation of the short-distance dynamics and long-distance dynamics, can be performed for those processes. Recently, two groups, Li et al. [4, 1] and BBNS [2] , have obtained a significant progress in calculating hadronic matrix elements of local operators relevant to charmless two-body nonleptonic decays of B mesons in the PQCD framework. In the letter we shall use BBNS's method ( QCD factorization ) to calculate the hadronic matrix element of operators relevant to the decay B → φπ.
The decay B → φπ has been studied by several people [5, 6, 7, 8, 9] . The naive factorization or BSW model [10] is used in calculating the hadronic matrix elements in Refs. [5, 6] . The modified perturbative QCD approach [4] , in stead of using BSW model, is used in ref. [7] . In Ref. [8] , the QCD improved factorization (simply, QCD factorization) [2] is used and only the leading twist contribution is included. The numerical result of the branching ratio (Br) in SM given in Ref. [8] is about an order of magnitude larger than that in Refs. [5, 6] . That is, "non-factorizable" contributions (including vertex, penguin, and hard spectator scattering corrections), which are the O(α s ) corrections to the leading order result, dominate over the leading order result. In Ref. [9] the same QCD factorization is used and the twist-3 contributions are included. However, the Br given in Ref. [9] is (3-8)×10
−10 which is of the same order of or even smaller than that in Refs. [5, 6] . Considering these disagreements, it is necessary to do a calculation of Br in SM using the QCD factorization. We carry out such a calculation in SM first and then in Constrained MSSM. The difference between our calculation and that in [9] is how to calculate the twist-3 contributions. The authors in Ref. [9] follow BBNS's approach, i.e., to introduce a phenomenological parameter in stead of the integral containing end point singularities [11] . Indeed, the solution of the end point singularities in investigting form factors of mesons is known for a long time [12] . That is, to retain quarks' transverse momenta in both the hard scattering kernels and distribution amplitudes of mesons and to include the Sudakov suppression [13] make the integral convergent and computable. Thus, there is no any phenomenological parameter introduced. In the letter we shall use the method to calculate the twist-3 effects. Our numerical result of the Br(B ± → πφ) in SM using QCD factorization approach(QCDF) is Br(B − → π − φ) = (1.68 − 5.70) × 10 −9 . We have also calculated the Br in Constrained MSSM in order to see supersymmetric (SUSY) effects on the decay. The numerical result in Constrained MSSM with large tan β is Br(B − → π − φ) = (0.87 − 1.9) × 10 −6 depending on the choice of some relevant parameters.
The ∆B = 1 effective weak Hamitonian in SM is given by
where Q p 1,2 are the left-handed current-current operators arising from W -boson exchange, Q 3,...,6 and Q 7,...,10 are QCD and electroweak penguin operators, and Q 7γ and Q 8g are the electromagnetic and chromomagnetic dipole operators, respectively. Their explicit expressions can be found in, e.g., Ref. [11] . Follow BBNS approach [2] , the hadronic matrix elements of local operators Q i at the leading order of the heavy quark expansion can be written as 
α s order corrections of hadronic matrix elements
The α s order hard scattering kernels in Eq. (2) can be obtained by calcualting the diagrams in Fig.(1) . Substituding the kernels into Eq.(2), we get
where F i =F for i=4,10, (-F-12) for i=6,8 and 0 otherwise with
In Eq.(4)
is the contribution from the diagrams (a)-(f), the vertex and penguin corrections, and f II φ presents the contribution from the hard spectator scattering diagrams (g) and (h) which is of real non-factorization contribution. If we ignore the transverse momenta of partons, like that in Eq. (5),
where the distribution amplitudes of π, φ, B mesons can be found in Refs. [17, 18, 19] . When u → 0, the twist-3 contribution, the next term of Eq.(7), will lead to divergence due to the end-point singularity. Therefore, it is necessary to consider the transverse momentum k T effect and include the Sudakov supression factors to eliminate the end-point singularity [13] . After including the transverse momentua of partons, Eq.(7) changes into
The k T resummation of large logarithmic corrections to B, φ and π meson distribution amplitudes leads to the presence of the exponentials S B ,S φ and S π respectively [20] ,
with the quark anomalous dimension γ = −α s /π. The variables b, b 1 , and b 2 , corresponding to the parton transverse momenta k T , k 1T , and k 2T respectively, represent the transverse extents of the B, π and φ mesons, respectively. The expression for the exponent s is referred to [21, 22, 23] . The above Sudakov exponentials decrease so fast in the large b region that the B → πφ hard amplitudes remain sufficiently perturbative in the end-point region. By a straightforward calculating, we obtain the hard spectator scattering contribution
where φ , ξ the light-cone momentum fraction of the spectator in the B meson, K i , I i are modified Bessel functions of order i and P B , P π , P φ are B, π, φ corrected meson amplitudes with the exponentials S B , S φ and S π respectively [20] . As noted in Refs. [12] , although the twist-3 contribution is power suppressed it is numerically comparable with the twist-2 contribution due to the chirallyenhanced factor m (10), we obtain that the twist-3 contribution to f II is numerically about the fourth of the twist-2 contribution to f II . It is worth to note that the numerical result of the twist-2 contribution to f II obtained from Eq. (10) is almost completely the same as that obtained without including the Sudakov factor, as expected.
The branching ratio in SM
The effective Hamiltonian (1) results in the following matrix element for the decay
where
where a summation over q = u, d is implied. The symbol ⊗ indicates that the matrix elements of the operators in T p are to be evaluated in the factorized form πφ|j 1 ⊗j 2 |B ≡ π|j 1 |B φ|j 2 |0 . The O(α s ) corrections, including the nonfactorizable corrections corresponding to the diagrams (g) and (h) in Fig.1 , of hadronic matrix elements are, by definition, included in the coefficients a i . Collecting the results in the above section, we have arises from electroweak penguin contributions, Fig.(1(i) ), and is given by
From Eq. (11), the decay amplitude for The relevant Wilson coefficients in NDR scheme are showed in Table 1 [2] . For the other parameters, we use
and Wolfensein parameters fitted by Ciuchini as [14]
The numerical results of the branch ratio at different scales are showed in Table 2 .
Br in Constrained MSSM
It has been shown that the neutral Higgs bosons (NHBs) do make significant contributions to leptonic and semileptonic rare B decays in Constrained MSSM with large tan β [24, 26] . For b → dss, it is expected that the similar enhancement of Br will hapen since the mass of the strange quark is the same order as or a little of larger than that of muon. In the section we will calculate the Br of B → πφ in the large tan β case of Constrained MSSM. In addition to Eq. (1), we have
where Q 11 to Q 16 , the neutral Higgs penguins operators, are given by
Here (q 1 q 2 ) S±P =q 1 (1 ± γ 5 )q 2 . Then Eq.(11) is extended to
where the term T neu p arises from the neutral Higgs contributions, given by
The Wilson coefficients C Q i (i=11, ..., 16) in Eq. (21) is calculated in the same way as that in Ref. [24, 25, 26] and results are
where the definitions of various symbols are the same as those in Ref. [25] . At the low scale we get
In calculating C Q i (m W ) the following values of relevant parameters are used:
The amplitude for for B − → π − φ now is given as
The numerical result of the Br is shown in Table 2 .
Summary
In summary, we have studied the pure penguin process B − → π − φ using QCD factorization approach, in particular, calculated the twist-3 contribution by including the Sudakov effects. We find Br(B − → π − φ) = (1.68 − 5.70) × 10 −9 in SM. Comparing with the naive factorization result which is (0.7 − 3) × 10 −9 , the QCD factorization result ( to the O(α s ) ) is less sensitive to the decay scale, as can be seen from Table 2 1 . Actually, as noticed in ref. [27] , the coefficients a i given in Eq. (13) (14) (15) (16) are scale independent to the O(α s ), which can be demonstrated by using the LO anomalous dimension matrix of relevant operators. However, from Table 2 one can see that there still is the significant scale dependence. Because we use the NLO Wilson coefficients the significant scale dependence comes mainly from the O(α s ) corrections of hadronic matrix elements. Indeed the O(α s ) corrections of hadronic matrix elements depend heavily on the scale (see, Eq.(4), which contains the factor 12 ln[µ/m b ]). In order to decrease the scale dependence it is expected to calculate the α 2 s order corrections of hadronic matrix elements. We have also calculated the Br in Constrained MSSM with large tan β and the result is Br(B − → π − φ) = (0.87 − 1.9) × 10 −6 . That is, the Br can be enhanced by two order of magnitude compared to that in SM and even saturate the recent Babar experimental bound B r (B 0,± → π 0,± φ) < 1.6 × 10 −6 at 90% CL [28] .
